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Comparison of different centrifugal fractionation techniques
In this table, operation time cannot be used to compare the efficiency of different techniques in different nanoparticle systems because the centrifugation time, included in the operation time, varies with the sedimentation coefficients of nanoparticles in solution. But from the table, we can see that for DND systems, RZDGU is a more efficient method than multi-step centrifugation.
IPDGU (carbon nanotubes)
1, 2
Step-wise gradient RZDGU (FeCo@C) 3 Multi-step centrifugation (DNDs) 4 Continuous gradient RZDGU (DNDs) in this paper 
Size determination by DLS
DLS is a widely used size determination technique that is quite sensitive to the concentration of sample solutions. 5 We confirmed this by measuring the mpDNDs in aqueous solutions at a high and a low concentration comparably (the one with the lower concentration was obtained through diluting the higher one with HCl solution, pH~3.8), as shown in Figure S1 . shown in Figure S2 . This pre-controlling procedure also enabled us to compare the solution of our mpDNDs with other commercial products of DND suspensions. Figure S3 is the DLS graph of our mpDNDs and a commercial product named NanoAmando (NanoCarbon Research Institute, Ltd., Japan), which shows that the mpDNDs also have a good dispersion state. 
Optimization of RZDGU conditions
We chose 20-60 wt% sucrose aqueous solutions to prepare the continuous density gradient through tilt tube rotation using a gradient station. A 20 wt% sucrose solution was first laid in the bottom of the centrifuge tube up to the 45% level, with a 12 mL Norm-Ject syringe (Henke Sass Wolf) and a Vita 14 steel needle, and then a 60 wt% sucrose solution of the same volume was injected to the bottom slowly to ensure a sharp interface between the two solutions. Continuous density gradients were obtained through tilted tube rotation using a gradient station with built-in they were typical enough for us to study the influence of the gradient slope, as is shown in Figure   S4 . These two gradients were then used to fractionate the mpDNDs. In our first experiment, the centrifugation condition was 20,000 rpm for 50 minutes. The photos of the resulting bands in the gradients are shown in Figure S5 . It is easy to see that the bands in Gradient 1 are broader than those in Gradient 2. This is because a larger tilt angle would result in a flat gradient but with a higher density and viscosity near the top of the gradient, which would slow down the sedimentation speed of the nanoparticles and therefore narrow the bands. Considering that an increase in the length of the band in the gradient would result in an increase in the resolution of the fractionation, we chose gradient 1 for our first fractionation. Of course, we could also broaden the bands by using sucrose solutions with lower concentrations, e.g., 10-50 wt%, but this would also decrease the ability of the gradient to prevent diffusion behavior and vortex motion due to a decrease in the viscosity and density along the whole tube. For the second iteration of fractionation, the case was different. The mixtures obtained in the first experiment were centrifuged at 30,000 rpm for 1 h in a subsequent step. Photos taken after the subsequent centrifugation are shown in Figure S6 . As expected, the smallest nanoparticles at the top of the gradient moved slower in Gradient 2 than in Gradient 1. Since our aim was to deal with smaller-sized and more narrowly distributed nanodiamonds in the second iteration of the fractionation procedure, we surmised that Gradient 2 would be better to maintain the position of the primary particles at the top of the gradient but, at the same time, separate the aggregates from the smallest particles.
Electronic
Figure S6
Photos of the mpDNDs in the two gradients after a subsequent centrifugation at 30,000 rpm for 1 h following the centrifugation cycle at the speed of 20,000 rpm for 50 min. Left: Gradient 1; right: Gradient 2.
In our following experiment, we optimized the centrifugation conditions for the second iteration of fractionation to stretch the bands and therefore increase the resolution of the fractionation. Different centrifugation times of 1 h, 1.25 h, 1.5 h and 1.75 h at the speed 30,000 rpm were applied to the fractionation of the first fraction from the first fractionation. The photos are shown in Figure S7 . It is easy to see that the top of the bands moved downward as the centrifugation time increased, whereas the broadness of the bands first increased when the centrifugation time increased from 1 h to 1.25 h and then remained mostly the same, which can be interpreted as increasing hindrance from the gradient compensating for the increased centrifugal force with nanoparticles moving deeper in the gradient. Figure S10 shows an example of how the sedimentation coefficient distributions ( Figure S11) were obtained from AUC by analyzing the sedimentation boundaries with Ultrascan III. 6 The noise subtraction was performed by two-dimensional spectrum analysis (2DSA) 7 with meniscus optimization. 8 The experimental (yellow) and simulated (red) sedimentation boundaries of F" 1 and the corresponding residuals are presented to demonstrate the good match between the simulated model and the raw sedimentation data in Figure S10 . 
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